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Preliminary study on differentiation of Leptospira grippotyphosa and Leptospira sejroe from other common pathogenic leptospiral serovars in canine urine by polymerase chain reaction assay
Hugh Y. Cai, Geoff Hornby, Douglas W. Key, Maria R. Osuch, M. Grant Maxie Abstract. A multiplex polymerase chain reaction (PCR) method using primer sets of G1/G2 and B64-I/ B64-II was validated to detect pathogenic leptospira serovars from canine urine samples. The PCR method was found to be specific and sensitive with a detection limit of 100 cells of Leptospira icterohaemorrhagiae per milliliter of urine. The primer set previously designated and erroneously transcribed B64-I/B64-II amplified a DNA fragment of 352 base pairs from Leptospira grippotyphosa and Leptospira sejroe but not from Leptospira autumnalis, Leptospira bratislava, Leptospira canicola, Leptospira hardjo, Leptospira icterohaemorrhagiae, and Leptospira pomona. From 100 diagnostic canine urine samples, 5 were found positive for Leptospira grippotyphosa/sejroe with a PCR product of 352 base pairs and 6 were positive for other pathogenic leptospira serovars with a PCR product of 285 base pairs. One 285-base pair product was sequenced and found to be 99.3% homologous to the G1/G2 PCR fragment sequence reported previously. All 352-base pair PCR products of clinical samples and pure cultures of L. grippotyphosa and L. sejroe were sequenced. The 352-base pair fragment sequences of L. grippotyphosa and L. sejroe were identical. Only 2 base pairs were found different between the sequences from pure cultures and those from clinical samples. Serum samples from 3 positive cases that generated a PCR product of 352 base pairs were tested by the microscopic agglutination test, and 2 were found to be positive for L. grippotyphosa (1:10,240 and 1:5,120), 1 was positive for L. grippotyphosa (1: 320) or L. icterohaemorrhagiae (1:320). The results of this study suggest that the multiplex PCR with the primer set G1/G2 and the erroneously transcribed B64-I/B64-II may be able to differentiate L. grippotyphosa or L. sejroe from other pathogenic leptospira serovars commonly tested for in Canadian diagnostic laboratories.
Leptospirosis, a widespread disease that affects wild and domestic animals as well as humans, is caused by serovars belonging to 7 pathogenic species of the genus Leptospira, including Leptospira borgpetersenii, Leptospira inadai, Leptospira interrogans, Leptospira kirschneri, Leptospira noguchii, Leptospira santarosai, and Leptospira weilii. 7 Pathogenic serovars important in North America are Leptospira bratislava, Leptospira canicola, Leptospira hardjo, Leptospira icterohaemorrhagiae, Leptospira pomona (all belong to species L. interrogans), and L. grippotyphosa (species L. kirschneri). 5 The most frequently detected serovars involved in canine infection have in the distant past been L. canicola and L. icterohaemorrhagiae. Increasing numbers of cases of acute renal failure due to L. bratislava, L. grippotyphosa, and L. pomona infection are being reported in dogs in North America, including Canada. Since leptospirae are difficult to culture, the diagnostic method most often used currently is based on the serological response of the host to the infecting organism, detected by the microscopic agglutination test (MAT). However, seroconversion may be caused by previous exposure to the pathogen rather than active infection. Moreover, interpretation of MAT results may be complicated by vaccine-induced antibodies and serologic cross-reactivity between leptospiral serovars. Alternatively, several polymerase chain reaction (PCR) assays to detect leptospirae in various samples from animals and humans have been described in the past decade. 3, 4, 8, 9 One of the PCR methods was a multiplex PCR assay using a primer set of G1/G2 and B64-I/B64-II (G1/G2 and B64-I/B64-II multiplex PCR), which was able to identify all pathogenic leptospirae. 3 The method was reported to be specific and sensitive to detect leptospirae in human and cattle samples. 1, 2, 6, 8 During the validation of the G1/G2 and B64-I/B64-II multiplex PCR method for canine urine leptospira detection, this study found that the PCR assay with erroneously transcribed B64-I/B64-II primer set was able to differentiate L. grippotyphosa and L. sejroe from other common pathogenic leptospirae.
The DNA extraction method was modified from that described for cattle urine. 8 A 15-ml aliquot of canine urine was collected into a 15-ml conical tube, a then centrifuged at 3,000 ϫ g for 30 minutes. The pellet was washed once with 1 mM EDTA (pH 8.0) and once with sterile distilled water by vortexing and centrifuging at 15,000 ϫ g for 10 minutes. The supernatant was removed and 200 l of DNA extraction reagent b was added to each sample. The mixture was then treated following the instructions of the manufacturer.
The PCR assay was done in a 25-l reaction volume containing 1 ϫ buffer II, c 1.25 mM MgCl 2 , c 0.1 mM of each dNTP, c 0.75 units of heat-activating polymerase, d 0.2 M of each primer, e and 10 l of each DNA extract from a urine sample. Primers G1 (5ЈCTG AAT CGC TGT ATA AAA GT3Ј), G2 (5ЈGGA AAA CAA ATG GTC GGA AG3Ј), B64-I (5ЈCTG AAT TCT CAT TCT AAC TC3Ј), and B64-II (5ЈGCA GAA ATC AGA TGG ACG AT3Ј) were described previously. 3 Reactions were carried out in a thermocycler. f The reaction started with an initial polymerase activating temperature of 95 C for 12 minutes, followed by 35 cycles of denaturing at 95 C for 20 seconds, annealing at 55 C for 30 seconds, elongating at 72 C for 40 seconds, and a final elongation step at 72 C for 7 minutes. A 20-l aliquot of each PCR reaction was subjected to electrophoresis on a 1.5% agarose gel, stained with ethidium bromide, and visualized using an ultraviolet camera. g The sequences of the PCR products were determined by cycle sequencing using an automatic sequencer h with primers G1, G2, B64-I, and B64-II described above.
The sensitivity of the PCR assay was determined by urinespiking experiments. Canine urine samples were spiked with serial dilutions of a pure culture of L. icterohaemorrhagiae, one of the most frequently detected serovars involved in canine infection, then tested by the PCR assay as described above. The sensitivity of the test was 100 cells/ml urine (Fig.  1) .
The specificity of the assay was determined by testing different leptospira serovars and other animal source bacteria. Pure cultures of leptospirae used in this study were obtained from Canadian Food Inspection Agency (CFIA) laboratories, Nepean, Ontario. The serotypes of these cultures were confirmed by US Department of Agriculture (USDA) National Veterinary Services Laboratory, Ames, Iowa, and Veterinary Diagnostic Laboratory, Cornell University, Ithaca, New York. Using G1/G2 and B64-I/B64-II multiplex PCR, all 8 leptospiral cultures analyzed yielded DNA fragments of appropriate lengths. Leptospira autumnalis, L. bratislava, L. canicola, L. hardjo, L. icterohaemorrhagiae, and L. pomona produced DNA fragments of 285 base pairs (bp), while L. grippotyphosa and L. sejroe produced DNA fragments of 352 bp (Fig. 2) . The PCR was negative when tested with other bacteria commonly isolated from animals at the Animal Health Laboratory (AHL), Guelph, Ontario (data not shown).
From September 2000 to February 2001, urine samples from 100 dogs suspected of leptospira infection were submitted to the AHL for leptospira PCR testing. Among these, 11 were found positive, with 5 samples producing a PCR product of 285 bp and 6 samples producing a PCR product of 352 bp. Two examples of the PCR test on canine urine samples are shown in Fig. 3 . One of the 285-bp products was sequenced. This fragment and the reported G1/G2 PCR fragment 3 were 99.3% homologous, with a difference of only 2 base pairs (data not shown). Sequence analysis was also performed on all of the 352-bp PCR products of diagnostic samples and pure cultures of L. grippotyphosa and L. sejroe. The 352-bp PCR product sequences of L. grippotyphosa and L. sejroe pure cultures were identical, and no difference was found among the 352-bp PCR product sequences from the clinical samples. Only 2 base pairs (189 and 273) were found to be different between the sequences of pure cultures and the ones of clinical samples, and the homology between these 2 groups was 99.7% (Fig. 4 ). Serum samples from 3 positive cases that generated a PCR product of 352 bp were tested by the microscopic agglutination test, and 2 were positive (Ͼ1:160) for L. grippotyphosa and 1 was positive (Ͼ1: 160) for L. grippotyphosa/L. icterohaemorrhagia (Table 1) .
It was reported earlier that, when larger numbers of reference strains belonging to all pathogenic and nonpathogenic Leptospira species were tested by the G1/G2 and B64-I/B64-II multiplex PCR, strains of all pathogenic Leptospira species except L. kirschneri were amplified by primers G1 and G2 with a specific product of 285 bp. Only the DNA from strains of L. kirschneri (including serovar grippotyphosa and cynopeteri) was amplified by primer set B64-I/B64-II, generating a specific fragment of 563 bp. 3 This study found that primers G1 and G2 amplified a 285-bp DNA fragment from the DNA of L. autumnalis, L. bratislava, L. canicola, L. hardjo, L. icterohaemorrhagiae, and L. pomona but not from the DNA of L. sejroe, which belongs to species L. borgpetersenii. Moreover, the primer set B64-I/B64-II amplified a 352-bp fragment from the DNA of L. sejroe as well as L. grippotyphosa. The sequence of this 352-bp fragment is totally different from the 563-bp or 285-bp fragment described in the original report. Furthermore, as of April 6, 2001, there were no sequences from GenBank found similar to this 352bp fragment by Blast searching (Standard nucleotide-nucleotide BLAST [blastn]). The sequence of the primer set B64-I/B64-II transcribed in the Methods was found different from the correct sequences, which were shown in Fig. 1a of the original paper. 3 This study showed that the primer set B64-I/B64-II transcribed in the Methods specifically amplifies a 352-bp DNA fragment from laboratory strains of L. grippotyphosa (species of L. kirschneri) and L. sejroe (species of L. borgpetersenii). Similar to this study, another group reported that a 360-bp product was amplified from serovar L. grippotyphosa and L. cynopteri (both belong to species of L. kirschneri) with the G1/G2 and B64-I/B64-II multiplex PCR method. 6 However, the error was not pointed out and neither was the size nor the sequence of the fragment confirmed by sequencing. Figure 1 . Sensitivity of the leptospiral G1/G2 and B64-I/B64-II multiplex PCR assay. Pure cultures of L. icterohaemorrhagiae were spiked into dog urine, then tested by the PCR method. Lane 1-9 (cell/ml): 10 8 , 10 7 , 10 6 , 10 5 , 10 4 , 10 3 , 10 2 , 10 1 , 10 0 , respectively. Lane 10: reagent control. Lane M: 100-bp DNA ladder marker. 
